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 Abstract  
Foamed concrete can be classified as a lightweight concrete that can be 
exploited in civil engineering works. It is created by the mixture of foam 
agents in mortar to produce random air-voids that are mixed with the fresh 
concrete. This paper aims to review the properties of foam concrete 
because it can be used in a wide variety of application. Foamed concrete 
is recognized for its high flowability, low cement content, low aggregate 
usage and excellent thermal insulation. The foam concrete gives a 
prospective solution to construction industry due to its easy production 
process from manufacturing plants to final applications position. The 
challenges for foam concrete are to enhance compressive strength while 
maintained low density and weight of the foam concrete. 
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1.0  INTRODUCTION 
Foam concrete is either a cement paste or mortar, classified as lightweight 
concrete, in which air-voids are entrapped in mortar by suitable foaming 
agent. It possesses high flow-ability, low self-weight, minimal consumption of 
aggregate, controlled low strength and excellent thermal insulation 
properties. By proper control in dosage of foam, a wide range of densities 
(1600–400 kg/m3) of foamed concrete can be obtained for application to 
structural, partition, insulation and filling grades [1]. Foam concrete is a 
lightweight material consisting of Portland cement paste or cement filler 
matrix (mortar) with a homogeneous void or pore structure created by 
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introducing air in the form of small bubbles. Introduction of pore is achieved 
through mechanical means either by preformed foaming (foaming agent 
mixed with a part of mixing water and aerated to form foam before being 
added to the mix) and mix foaming (foaming agent mixed with the matrix) 
[2]. In this paper discussed about the foam concrete that has been 
manufactured using performed foaming method. Two types of lightweight 
concretes are known in building industry. The low density of aerated 
concrete is achieved chemically and foamed concrete is produced by 
physical foaming. Furthermore, the foamed concrete is considered as an 
economical solution in fabrication of large scale lightweight construction 
materials and components such as structural members, partitions, filling 
grades, and road embankment infills due to its easy production process from 
manufacturing plants to final position of the applications [2]. In practice, 
foamed concrete has been commonly used in construction applications in 
different countries such as Germany, UK, Philippines, Turkey, and Thailand [3]. 
 
2.0 THE PROPERTIES OF FOAM CONCRETE 
In this review paper the properties of foam concrete as a lightweight 
concrete that have a few characteristic. According to the previous research 
there are discussed about the characteristic of foamed concrete which 
classified into fresh, mechanical, physical and durability properties. Each 
property has its own specific characteristics influenced by the 
manufacturing process and performance quality. The fresh state of the 
foamed concrete includes the mixture consistency and stability. 
 
2.1 FRESH PROPERTIES   
The fresh state properties of foam concrete were very much affected by the 
water content in the base mix, amount of foam added along with the other 
solid ingredients in the mix. Unlike normal weight concrete, the foam 
concrete cannot be subjected to any type of compaction or vibration 
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which would affect its design density. Hence the important fresh state 
characteristics of foam concrete are consistency, stability and workability. 
 
2.1.1 CONSISTENCY   
The consistency of the foam concrete mix was measured in terms of the 
spread percent using a flow cone test and flow time using a Marsh cone test. 
The performance of consistency foamed concrete is acceptable when the 
spread ability of fresh concrete mixes is limited between 40% and 60% of the 
flowing time. As per the studies on characteristics of foam concrete in its fresh 
state, by Nambiar and Ramamurthy [4], it is observed that the consistency 
of the foam concrete mainly depends on the volume of foam added and 
the water to solids ratio. The consistency of the mix reduces when the foam 
is added due to the reduction in self-weight of the mix. Also, an increase in 
w/c ratio and reduction of the foam content proportionally increase the 
plastic density and reduces the consistency of foamed concrete [5]. It was 
reported that the consistency of foamed concrete was reduced when the 
foam content was added due to a higher volume of air content while 
addition of superplasticizers increased the flow rate. 
 
2.1.2 STABILITY   
The state of stability is an adhesive behavior of foamed concrete mix design 
constituents, and their consistency and cohesiveness as a system various 
methods have been proposed to enable the accurate evaluation of the 
consistency of foam concrete [6]. The making of lightweight foamed 
concrete consists of four types of material, namely ordinary Portland 
cement, sand, water and foam. Fine silica sand of different sizes (600 μm, 
1.18 and 2 mm) (600 μm) and water (normal tap water) was used in 
producing the lightweight foamed concrete. The foam is a form of stable 
bubbles, produced by mixing foaming agent and water in a foam 
generator. The purpose of the foam is to control the density of lightweight 
foamed concrete by incorporating preformed stable foam into fresh 
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lightweight foamed concrete [7]. The stable foam is the most important 
gradient in the production of foamed concrete. The foaming generator 
made foam, where is blend of sand, cement, and water (the base mix) and 
foaming agent either protein or synthetic are mixed and produced stable 
foam is foamed. For example, Ameer A. et al used the natural fine 
aggregate (sand) (2.65 S.G.) conforming to BS 882:1992 with additional 
sieving to remove particles greater than 2.36 mm, to help improve the flow 
characteristics and stability of the producing foam concrete [8]. Besides, to 
get the stability of foamed concrete, good quality foam (45 kg/m3) was 
produced by blending the foaming agent, water and compressed air in 
predetermined proportions (45 g water to 0.8 ml foaming agent) in a foam 
generator [9]. 
 
2.1.3 WORKABILITY   
The term “workability” is defined in ASTM C125 as “A property determining 
the effort required to manipulate a freshly mixed quantity of concrete with 
minimum loss of homogeneity.” The quality of the concrete structure is 
dependent on the quality of each constituent that is used in the concrete 
mixture. The quality is dependent on the workability of the fresh concrete 
during transportation, placement, compaction and consolidation [10]. 
Concrete is more workable when smooth and rounded aggregate is used 
instead of rough angular or elongated aggregate. A smooth surface can 
improve workability, yet a rougher surface generates a stronger bond 
between the paste and the aggregate creating a higher strength.  
 According to Hilal et al. (2015) studied on void structure and strength 
of foamed concrete made without/with additives. Review has been 
undertaken to investigate the effect of different additives on the strength of 
foamed concrete by characterizing air-void size and shape parameters. It 
was found that the superplasticizer has the most beneficial influence on 
voids when used alone and it further improves void structure when used in 
combination with other additives, but in foam concrete the cells created 
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inside makes the concrete more workable, so plasticizers are not added 
initially. They can be added if the workability of foam concrete is affected 
with the addition of fibers [11]. 
 
2.2 MECHANICAL PROPERTIES 
Performance of concrete is evaluated from mechanical properties which 
include shrinkage and creep, compressive strength, tensile strength, flexural 
strength, and modulus of elasticity. But compressive strength of concrete is 
the most important characteristic and it is generally assumed that an 
improvement in concrete compressive strength will improve its mechanical 
properties [12]. In this paper, compressive, flexural and tensile strengths, and 
modulus of elasticity are reviewed from the researchers to provide with the 
state of foamed concrete. 
 
2.2.1 COMPRESSIVE STRENGTH 
Lightweight concrete is concrete which has lower density compared to 
normal concrete. The density range of lightweight concrete is 800-1850 
kg/m3 appropriated with its compressive strength. In normal concrete, 
increasing w/c ratio will decrease the compressive strength of concrete [13]. 
However, in foamed concrete increasing w/c ratio will lead increasing of 
compressive strength. Concrete with w/c of 0.5 has a compressive strength 
39% higher than concrete with w/c ratio of 0.4. It is predicted as shown in  
Fig. 1 due to the mixture with lower w / c ratio is slurry not slurry enough, which 
causes less homogeneous of the mixture [14]. 
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Fig. 1: Effect of w/c ratio to compressive strength of LFC [14]. 
 
2.2.2 FLEXURAL AND TENSILE STRENGTHS 
Flexural strength was used to examine the foamed concrete specimens 
bending behavior at the maximum load of failure. The flexural strength is 
affected by the concrete composition, namely by the type and fineness of 
the cement, water-cement ratio, air content and type of mineral 
aggregates. In addition, the effects of the size and shape of the specimen 
as well as the effects of testing may reduce the strength of specimen in 
flexural strength. It is found that the flexural strength of structural lightweight 
concretes is only about 70 to 90 % of the flexural strength of normal concrete 
of the same compressive strength. The difference may be attributed to the 
difference in the total porosity of the concrete. It may also be due to the 
weakness of the aggregate particles and their differing modes of failure in 
flexure. [15]. 
 Fibers can benefit foamed concrete in tensile strength through 
reducing the non-load cracking of foamed concrete mass at early ages 
specified by American Concrete Institute [16]. Use of Polypropylene fibers 
has been reported to enhance the performance with respect to tensile and 
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flexural strength of foam concrete, provided it is not affecting fresh concrete 
behavior and self-compaction [17]. 
 
2.2.3 MODULUS OF ELASTICITY 
The modulus of elasticity is a property directly related to the type and 
quantity of aggregates used. The obtained value depends on the values of 
deformation of each component constituting the concrete, the ratio of the 
materials and also the quality of the transition zone between the aggregate 
and the cement matrix [18]. The modulus of elasticity of lightweight concrete 
differs from normal weight concrete. The elastic modulus of high strength 
lightweight concrete was found to be less than the elastic modulus of normal 
weight concrete of comparable strength. The static modulus of elasticity of 
foam concrete is reported to be significantly lower than that of normal 
weight and lightweight concrete, with values typically varying from 1.0 to 8.0 
kN /mm2, for dry densities between 500 and 1500 kg/m3, respectively [19]. 
Jones and McCarthy also reported that the elastic modulus depended on 
the aggregate type and content [20]. They explored that the foamed 
concrete with higher content of coarse aggregate exhibited lower elastic 
modulus compared to foamed concrete with fine aggregates. 
 
2.3 PHYSICAL PROPERTIES 
Some physical properties of foamed concrete include density, drying 
shrinkage, porosity, and sorptivity (capillarity) [21]. Each property has been 
discussed and supported by the several previous researchers. 
 
2.3.1 DENSITY 
Density can be either in fresh or hardened state. Fresh density is required for 
mix design and casting control purposes [22]. The production of foam 
concrete involves the dilution of surfactant in water, which is passed through 
a foam generator that will produce foam of stable form. The foam produced 
in mixed with the cementitious mortar, so that foamed quantity of required 
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density is produced. The density of foamed concrete is determined by the 
amount of foam added to the basic cement and sand mixture. Foam 
concrete can be designed to have any density within the dry density range 
of 300–1850 kg/m3. It is believed that density is the key factor affecting its 
compressive strength of foamed concrete as shown in Fig. 2 has the amount 
of foam added to the mix controlling its density and hence, its strength to 
the mix [23]. Due to its low density, foam concrete imposes little vertical stress 
on the substructure - a particularly important attribute in areas sensitive to 
settlement. 
 
 
Fig. 2: Compressive strength vs. density of foamed concrete [23]. 
 
2.3.2 DRYING SHRINKAGE 
Lightweight concrete possesses high drying shrinkage due to the absence of 
aggregate. The shrinkage of lightweight concrete is dependent on the 
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amount of void and paste content. A number of researches were 
conducted to improve the properties of lightweight concrete [24]. For 
improvement in the shrinkage characteristics, the shrinkage reducing agent 
is normally applied for the normal weight concrete. For lightweight concrete, 
this shrinkage reducing agent is also widely used with some precautions in 
the effects on the other concrete properties.  The shrinkage of foam 
concrete is a function of foam volume and thus indirectly related to the 
amount and properties of shrinkable paste. Shrinkage increases greatly in 
the range of low moisture content.  
 Ramamurthy et al., studied on the shrinkage behaviour of preformed 
foam concrete for the influences of basic parameters with fly ash, and foam 
volume. Shrinkage of foam concrete is lower than the corresponding base 
mix. Fig. 3a and 3b indicates that an increase in the flying ash content of the 
mix leads to an increase in shrinkage (i.e., shrinkage of mix with 100% FA is 
31% higher than that of mix with sand). The shrinkage of foam concrete is a 
function of foam volume and thus indirectly related to the amount and 
properties of shrinkable paste. Shrinkage increases greatly in the range of 
low moisture content [25]. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3a: Effect of fly ash replacement on shrinkage of foam concrete [24]. 
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Fig. 3b: Effect of the w/c ratio on the porosity of the foam concrete [24]. 
 
2.4 DURABILITY PROPERTIES 
In accordance with American Concrete Institute definition, “durability is the 
ability to last a long time without significant deterioration” [26]. A durable 
material helps the environment by protection resources and reducing 
wastes because the production of replacement building materials will save 
the natural resource. In this study, the permeability and resistance to 
aggressive environment are discussed. 
 
2.4.1 PERMEABILITY 
Water permeability of concrete is the important material properties 
governing their long-term durability, particularly those exposed to aggressive 
environment during the expected service life. Permeability refers to the 
amount of water migration through concrete when the water is under 
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pressure or the ability of concrete to resist water penetration. Permeability 
also depends on w/c (increase with the increase of w/c) and initial curing 
conditions [27]. 
 In general, the water absorption of foamed concrete is almost twice 
the normal concrete at similar water to binder ratio, but independent of 
volume of air entrained, ash type and content [28]. The researchers have 
studied the effect properties of foamed concrete replacing larger volumes 
of cement with both classified and unclassified fly ashes. The water 
permeability of foamed concrete against porosity is plotted in Fig. 4. An 
increase in the volume of voids (as indicated by reduction in density or 
increase in porosity) leads to a marked increase in water permeability. The 
volume of ash used to do have an effect on the water vapour permeability 
of foamed concrete can be seen in Fig. 5. The water permeability of foamed 
concrete mixtures increases with increasing ash/cement ratio and this trend 
becomes significant at the lower densities [29].  
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Fig. 4: Water vapor permeability versus porosity [29]. 
 
 
Figure 5: Effect of ash/ cement ration on water vapour permeability [29]. 
 
2.4.2 RESISTANCE TO AGGRESSIVE ENVIRONMENT 
The environmental conditions are considered to be aggressive with regard 
to concrete durability. The reduction in the useful service life of concrete 
structures is attributed to interplay of geomorphic and environmental factors 
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characterized by high concentrations of chloride and sulphate, high 
ambient temperature and humidity, daily and seasonal variations in 
temperature and humidity, contaminated groundwater at shallow depths, 
and contaminated and absorptive aggregates. Foam concrete mixture 
designed at low density taking into consideration of depth of initial 
penetration, absorption and absorption rate, provided good freeze-thaw 
resistance [30]. 
 According to Ramamurthy et al. studied on the behaviour of foam 
concrete under sulphate environments. This reports the effects of variation in 
density, concentration and type of cation associated with sulphate on the 
expansion, mass and strength loss of foam concrete produced with two 
synthetic surfactants. Comparisons are made between behaviour of foam 
concrete of different densities and that of corresponding base mixes of 
mortar without foam. The investigations indicated that the expansion in 
sodium sulphate environment was up to 28% higher than that of magnesium 
sulphate environment [31]. Fig. 6 shows the expansion of foam concrete 
under water and sodium sulphate environment for a period of 1 year. 
Expansion of order of 0.035% was observed for foam concrete under water 
during initial 28 days and there was no significant increase in expansion after 
50 days. The expansion of foam concrete in sodium sulphate environment 
was marginally higher than that in water [32]. 
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Fig. 6: Variation of expansion of FC (1000kg/m3) in sodium sulphate environment 
(SLS) [32]. 
 
3.0 CONCLUSION 
Most of the investigations on foamed concrete have been confined to the 
evaluation of its properties rather than on the foam characteristics, which 
has bearing on the strength of the foamed material. Foam stability in 
concrete is one of the important aspects to ensure the fine and uniform 
texture throughout the whole hardening process. Though for the given 
density and strength requirement, many proportioning methods and 
guidelines have been proposed, as such there is no standard mix 
proportioning method available for foam concrete.  
The water–solids ratio adopted for the mix should satisfy both stability and 
consistence requirements of the mix, as the consistency reduces 
considerably with an increase in foam volume which in turn affects the 
stability of the mix. The drying shrinkage strains of foam concrete were high 
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as would be expected in a concrete with large paste phase volume. But this 
could be reduced by adopting autoclave method of curing, by using light 
weight aggregates and by partial substitution of Portland cement with fine 
fly ash which reduces the heat of hydration. The concrete with uniform 
distribution of air-void sizes, circular air-voids and optimal spacing between 
voids can produce foam concrete with good mechanical properties. For a 
given density, the compressive strength of foam concrete using fly ash as 
filler has high strength to density ratio than equivalent sand based foam 
concrete mixes and this difference increases with increase in age. However, 
at lower density, the foam volume controls the strength rather than the 
material properties. Hence the compressive strength is primarily a function of 
density. The durability studies showed that the cell-like structure and possible 
porosity do not make it less resistant to penetration of aggressive ions than 
the densely compacted normal weight concrete. This is because the ratio of 
connected pores to total pores which determines the durability is lower in 
foam concrete. Hence it has good resistance to freeze and thaw, fire and 
possesses lower sorptivity, water absorption and thermal conductivity. 
 The need for developing affordable foaming agent and foam 
generator is essential to facilitate wider use of foam concrete. There is need 
to investigate compatibility between foaming agent and chemical 
admixtures, use of lightweight coarse aggregate and reinforcement 
including fibres, for enhancing the potential of foam concrete as a structural 
material. This review highlights the need for systematic investigations on the 
durability aspects of foam concrete with a view of evolving performance 
based design criteria. The difficulties encountered in the foam concrete 
production namely mixing, transporting and pumping needs to be 
addressed as they have major influence on the fresh and hardened 
properties of foam concrete. 
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